Objective: Patients undergoing lower extremity bypass (LEB) are at high risk of perioperative complications that can lead to a cascade of secondary complications. Our goal was to understand the association of index complications with secondary complications after LEB.
Postoperative morbidity and mortality depend on the occurrence of not only an index complication but also the potential subsequent secondary complications. 1, 2 Index complications have been shown to increase secondary complications, leading to increased morbidity and mortality. 3, 4 Previous analysis from many different surgical specialties of patients undergoing elective inpatient surgical procedures have identified index complications linked to secondary complications in a general surgical population. 5 Identifying potential secondary complications associated with an index complication could allow earlier recognition and intervention, thereby decreasing morbidity and mortality. 6 Patients with critical limb ischemia undergoing lower extremity bypass (LEB) are at high risk for morbidity and mortality. 7, 8 These patients can be difficult to rescue after an initial complication because it can lead to a cascade of subsequent complications. Evaluation of secondary complications has not been examined in patients undergoing vascular surgery operations. Establishing how index complications affect the pattern and risk of secondary complications in this high-risk population can potentially help with their earlier identification and treatment.
We queried the American College of Surgeons National Surgical Quality Improvement Program (ACS NSQIP) to analyze the associations of secondary complications with five index complications: surgical site infection (SSI), urinary tract infection (UTI), myocardial infarction (MI), pneumonia, and acute renal failure (ARF). The goal of this study was to identify the pattern of secondary complications associated with index complications after LEB to establish baseline rates for quality improvement and to provide objective data for patients, their families, and surgeons.
METHODS
Selection of patients. The ACS NSQIP database is a clinical registry that uses trained reviewers to provide a multicenter database of prospective data. It includes risk-adjusted outcomes using standardized definitions for surgical quality improvement. Details relating to data gathering have been well described. 9, 10 The NSQIP data include patient demographics, preoperative risk factors, operative details, length of stay, and 30-day postoperative morbidity and mortality for specified surgical procedures. Patients without complete variable data were excluded from the analysis. Index SSI, UTI, MI, pneumonia, and ARF were chosen as common postoperative LEB complications as they have previously been used for analyses on secondary complications. 5 The outcomes used in this study were complications that occur after an index complication; 13 complications occurring after the day of the index complication were analyzed. The secondary complications included MI, cardiac arrest, pneumonia, Statistical analysis. An index event was defined as the first postoperative complication to occur; a secondary complication was defined as a complication that occurred after the index complication. The NSQIP has time to event data that we used to determine the timing of index and secondary complications. We identified five cohorts of patients with corresponding index complications as index cohorts. To analyze the risk of subsequent secondary complications after an index event, the outcomes of patients with similar demographics and comorbidities with and without index events were compared. To that end, a matched cohort was created for each index event cohort. Our matching strategy was similar to one described by Wakeam et al, but with several modifications. 5 First, a propensity score was calculated for each patient in the original sample for the propensity to experience each of the five index complications in this study. The score was based on the demographic and comorbidity data available in the NSQIP (Table I) . Second, time of the first complication was considered for each patient to ensure complicationfree follow-up until the date of the index event for the pull of the possible index event-free matches. Therefore, matching was based on both the propensity score to have the index complication and the event-free days. Matched cohorts were created for each index event cohort in a 5:1 ratio. The comorbidity and demographics of the matched cohorts were compared to analyze the success of matching (Table I) . For each type of index complication, patients with the other four index complications were considered potential controls as long as time to their index complication was longer than the time to the index complication of interest in the corresponding case.
The unadjusted rates of complications between the matched cohorts for each index complication were compared using logistic regression. The effects of index events were expressed as odds ratios (ORs) with corresponding 95% confidence intervals (CIs). The estimates were graphed using forest plots.
Because 13 primary outcome measures were considered in this analysis, we adopted a conservative Bonferronicorrected significance threshold of 0.004 for all associations to be declared significant. All analyses were performed using SAS 9.2 software (SAS Institute, Cary, NC).
RESULTS
After exclusion of patients with missing data on any of the matching variables, 20,230 patients were identified Table I . The rates of the five index complications were 2.5% SSI, 1.6% UTI, 1.5% MI, 1.04% pneumonia, and 0.34% ARF (Table II) . Matched details are listed in Table III . Matched rates of secondary complications are shown in Table IV . Mean time to complication differed across the five index complications: the time was shorter for renal failure (4.0 days), MI (4.5 days), and pneumonia (6.1 days) compared with UTI (9.1 days) and wound infection (17.3 days).
Index deep/organ space SSI. Index SSI was associated with an increase in the rates of unplanned intubation (1.8% vs 0.4%; OR, 5.1; 95% CI, 2.0-12.8; P ¼ .001), prolonged ventilation (1.4% vs 0.2%; OR, 5.9; 95% CI, 2.0-17.6; P ¼ .002), wound disruption (11.1% vs 1.2%; OR, 10.5; 95% CI, 6.7-16.6; P < .001), sepsis (14.2% vs 1%; OR, 16.2; 95% CI, 10.2-25.6; P < .001), and mortality (2.5% vs 0.7%; OR, 3.5; 95% CI, 1.7-7.1; P ¼ .001; Fig 1) .
Index UTI. Index UTI was associated with increased rates of secondary pneumonia (4.5% vs 0.8%; OR, 5.6; 95% CI, 2.7-11.6; P < .001), sepsis (17.1% vs 2.6%; OR, 7.8; 95% CI, 5.1-11.8; P < .001), and mortality (3.9% vs 1.5%; OR, 2.7; 95% CI, 1.3-5.3; P ¼ .005; Fig 2) .
Index MI. Index MI was associated with an elevated rate of secondary cardiac arrest (8.3% vs 1.2%; OR, 7.4; 95% CI, 4.0-13.5; P < .001), pneumonia (7.1% vs 1.5%; OR, 4.9; 95% CI, 2.7-8.8; P < .001), DVT (3.2% vs 0.8%; OR, 3.9; 95% CI, 1.7-9.1; P ¼ .001), unplanned intubation (15.4% vs 1.5%; OR, 12.2; 95% CI, 7.3-20.3; P < .001), prolonged ventilation (9.9% vs 0.9%; OR, 12.2; 95% CI, 6.4-23.2; P < .001), ARF (4.8% vs 0.6%; OR, 8.7; 95% CI, 3.8-20.1; P < .001), and mortality (14.7% vs 3%; OR, 5.6; 95% CI, 3.6-8.5; P < .001; Fig 3) .
Index pneumonia. Index pneumonia was associated with increased rates of MI (6.2% vs 0.9%; OR, 7.6; 95% CI, 3.2-18.0; P < .001), cardiac arrest (4.3% vs 0.9%; OR, 5.2; 95% CI, 2.0-13.2; P ¼ .001), DVT (2.9% vs 0.4%; OR, 7.7; 95% CI, 2.1-27.4; P ¼ .002), unplanned intubation (20.5% vs 1.7%; OR, 14.7; 95% CI, 8.3-26.1; P < .001), prolonged ventilation (16.7% vs 0.8%; OR, 26.0; 95% CI, 11.8-56.9; P < .001), sepsis (13.3% vs 2.1%; OR, 7.2; 95% CI, 4.0-12.8; P < .001), UTI (6.2% vs 1.5%; OR, 4.2; 95% CI, 2.0-9.0; P < .001), ARF (2.4% vs 0.1%; OR, 25.5; 95% CI, 3.0-219.3; P ¼ .001), and mortality (17.1% vs 3.3%; OR, 6.0; 95% CI, 3.7-10.0; P < .001; Fig 4) . Index ARF. Index ARF was associated with increased rates of pneumonia (13% vs 2.1%; OR, 7.16; 95% CI, 2.6-20.0; P < .001), unplanned intubation (13% vs 2.3%; OR, 6.2; 95% CI, 2.3-16.8; P < .001), prolonged ventilation (17.4% vs 2.3%; OR, 8.8; 95% CI, 3.4-22.4; P < .001), and mortality (17.4% vs 2.3%; OR, 8.8; 95% CI, 3.4-22.4; P < .001; Fig 5) .
DISCUSSION
In our analysis, index complications after infrainguinal LEB including SSI, UTI, MI, pneumonia, and ARF are associated with higher risk of secondary complications and mortality. These data provide benchmark rates for secondary complications for patients undergoing LEB and provide information about the associations of specific secondary complications for quality improvement initiatives. This study also allows the clinician and the patients to have a more informed discussion when an index complication occurs after LEB. A previous study looking at secondary complications of a heterogeneous cohort of surgical patients from a variety of specialties showed a 0.9% incidence of postoperative pneumonia that was similar to the 1.04% rate noted in our LEB cohort. The rate of MI for all surgical patients was 0.3%, which is lower than our 1.5% rate. SSI for the overall surgical cohort was 1.3%, which is also lower than our 2.5% rate. The rate of ARF was similar to the 0.3% rate noted in our cohort. 5 ARF after LEB is a rare complication, and there are few data in the literature about outcomes after index ARF. Our findings revealed that ARF leads to significant subsequent complications and mortality. Postoperative ARF has been shown to be associated with worse outcomes, increased costs, length of stay, and mortality in cardiac surgery patients. 5, 11, 12 Postoperative ARF was shown to be associated with a higher risk of mortality and cardiovascular events in patients with peripheral artery disease undergoing revascularization or amputation. 13 Our study strengthens the support for the association of ARF with mortality and cardiovascular events and expands its association to other secondary complications.
The rate of UTI seen in this study is similar to what has been described; however, there are no data showing potential subsequent complications after index UTI for this population of patients.
14 Catheter-associated UTIs have been classified as "never events" for which the Centers for Medicare and Medicaid Services will no longer permit reimbursement. 15 Many institutions have developed protocols to decrease UTIs, including removing catheters as early as possible in the postoperative period. 16 These data further reinforce the need to minimize postoperative UTI in LEB patients. Many protocols have also been instituted for SSI; however, these have had mixed results. 17, 18 This study further demonstrates the potential secondary complications after SSI. It was not surprising that pneumonia and MI were associated with a wide range of secondary complications across organ systems. Pneumonia has been recognized as a potentially devastating postoperative complication after any operation. The rate in our cohort was not different from what has been reported across other surgical patients. 5 There is an increased focus on enhanced recovery programs with early ambulation after general surgery procedures, with promising results; however, this has not been examined in the vascular surgery population and may be difficult in patients with large leg and foot wounds. 19, 20 Cardiac complications occur more often in vascular surgery patients than in the overall surgical population. 21 It is difficult to predict which patients may be at highest risk. Traditionally, the Revised Cardiac Risk Index has been used to refer patients for preoperative cardiac evaluation; however, the utility of this risk index has been disputed for vascular surgery patients. 22, 23 A scoring system to assess cardiac risk was developed using the Vascular Study Group of New England database to develop a targeted risk assessment tool for cardiac risk in vascular surgery patients. 24 Even with the best perioperative assessment and care, LEB patients will still be at risk for MI. Here we have identified secondary complications after MI that need to be anticipated, aiding with management and expectations. Surgeons can take an active role in preventing secondary complications after index complications. Escalation of the level of care and involvement of subspecialists should be considered, depending on the patient's condition. An index SSI should be expeditiously treated to prevent deeper wound complications seen here. Also, many of these patients may have prolonged immobility after bypass and are at risk for pulmonary complications. In patients with SSI, good pulmonary therapy, encouraging sitting up and getting out of bed, is important to potentially avoid secondary pulmonary events. UTI was associated with sepsis and mortality. Early removal of indwelling catheters and organism identification can potentially help avoid further complications. After index MI, secondary complications that need to be avoided are pulmonary and renal. Often these patients may be less ambulatory, and it is important to optimize their pulmonary status. Difficulty in maintaining fluid balance could affect both pulmonary and renal function. Accurate assessment of cardiac function and fluid status, with the necessary subspecialists, may help avoid secondary complications after MI. Pneumonia has the highest amount of secondary complications. Early identification of organisms, mobility, and fluid balance are ways in which surgeons can potentially help avoid secondary effects. ARF was associated with pulmonary complications, emphasizing the need for fluid optimization balance in these patients.
This study has limitations, including the retrospective nature of its analysis and limitations inherent to the ACS NSQIP database. This database offers 30-day reviews, and as such, risks of long-term secondary outcomes could not be analyzed in this study. The database also does not provide data on severity of the index complication, so we could not determine how severity affects risk of subsequent secondary complications. The data in the ACS NSQIP are recorded every 24 hours, and this restricted our capability to analyze the sequence of index and secondary complications that occurred on the same day. Finally, although our analysis allowed control of numerous variables, confounding is still possible and represents yet another possible limitation. In fact, more than half of patients with two or more complications had at least one pair of complications diagnosed on the same day. We treated these as cooccurring in our analyses.
CONCLUSIONS
A postoperative index complication after infrainguinal LEB significantly alters the risk of serious secondary complications. Index and secondary complications may represent targets for interventions aimed at quality improvement, and early identification and treatment of subsequent complications after LEB could decrease morbidity and mortality in this high-risk population. 
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